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© Robot control system for controlling a set of Industrial robots. 



© A robot control system for sequentially control- 
ling a set of industrial robots for coordinated coop- 
erative operation in accordance with a single general 
control program. The robot control system com- 
prises a single storage unit storing a single general 
control program comprising motion instructions for 
the set of industrial robots, a single 
reading/compiling unit for separately reading the mo- 
tion instructions from the storage unit and extracting 
^the motion instructions for each industrial robot, and 
^a plurality of driving units respectively driving the 
corresponding industrial robots in accordance with 
jvjthe motion instructions. The single general control 
Qprogram facilitates sequentially coordinating motion 
-^instructions for controlling the set of industrial robots 
j^so that the industrial robots will not interfere each 
Mother during the cooperative operation, finding errors 
Qin the instructions, and modifying the general control 
program to cope with changes in the process con- 
trolled by the robot control system. 
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ROBOT CONTROL SYSTEM FOR CONTROLLING A SET OF INDUSTRIAL ROBOTS 



The present invention relates to a robot con- 
trols system for controlling a set of industrial robots 
(hereinafter referred to simply as "robots") for co- 
operative operation and, more specifically, to a 
robot control system for controlling a set of robots 
for cooperative operation according to a single con- 
trol program. 

Referring to Fig. 7, a conventional robot control 
system for controlling a set of four robots Ra, Rb, 
Rc and Rd for processing a work W comprises 
memories 12, 22, 32 and 44, reading/compiling 
units 13, 23, 33 and 43, instruction executing units 
14, 24, 34 and 44. and servomechanisms 15, 25, 
35 and 45, respectively, for controlling robots Ra, 
Rb, Rc and Rd. The reading/compiling units 13, 23, 
33 and 43 are interconnected by a communication 
line 50 for the cooperative operation of the robots 
Ra, Rb, Rc and Rd. 

Individual control programs respectively for 
controlling the robots Ra, Rb, Rc and Rd are stored 
respectively in the memories 12, 22, 32 and 42. 
The control programs are made so that the robots 
Ra, Rb, Rc and Rd will not interfere with each other 
during operation and will operate in a predeter- 
mined sequence. 

When the robots Ra, Rb, Rc and Rd are op- 
erated sequentially one at a time as shown in Fig. 
8, each of the control programs includes commu- 
nication instructions, such as STOP, START and 
WAIT, for communication between the robots Ra, 
Rb, Rc and Rd in addition to an operation instruc- 
tion, such as MOVE TO. 

In such a conventional robot control system for 
controlling a plurality of robots for cooperative op- 
eration, a position is expressed in the program by a 
coordinate system special for the corresponding 
robot. Therefore, it is difficult to determine the 
respective positions of the robots relative to each 
other, and hence it is difficult to make programs 
capable of satisfactorily controlling the robots for 
cooperative operation and avoiding collision be- 
tween the robots. 

Furthermore, since the programs are made in- 
dividually for the robots, it is difficult to realize the 
relation between the actions of the robots from the 
programs and hence it is difficult to find errors in 
the programs and to correct the programs. 

Fig. 9 shows another conventional robot control 
system for controlling four robots Ra, Rb, Rc and 
Rd for cooperative operation to process a work W. 
The robot control system comprises a system con- 
troller 7, robot controllers 1a, 2a, 3a and 4a respec- 
tively for controlling the robots Ra, Rb, Rc and Rd, 
connected to the system controller 7, teaching 
units 1b, 2b, 3b and 4b connected respectively to 



the robot controllers 1a, 2a, 3a and 4a to teach the 
robots Ra, Rb, Rc and Rd, and a sequence pro- 
gram input unit 9 connected to the system control- 
ler 7 to give an actuating sequence control pro- 
5 gram to the system controller 7. Control programs 
are stored respectively in the memories of the 
robot controllers 1a, 2a, 3a and 4a to control the 
robots Ra, Rb, Rc and Rd for a series of oper- 
ations. Also connected to and controlled by the 

;o system controller 7 are auxiliary equipment includ- 
ing a conveyor 6 for conveying the work W, a 
positioning device for positioning the work 1, 
chucking mechanisms, safety mechanisms, and in- 
terlocking mechanisms for avoiding interference 

75 between the robots Ra, Rb, Rc and Rd. A se- 
quence controller 8 included in the system control- 
ler 7 controls the robots Ra, Rb, Rc and Rd and 
the auxiliary equipment for sequential operation. 
This conventional robot control system requires 

20 the robot controllers and the teaching units individ- 
ually for the plurality of robots, and must teach 
operating procedures individually to the plurality of 
robots every time the contents of process changes. 
The system controller provided in addition to the 

25 robot controllers increases the floor space neces- 
sary for installing the robot control system. 

Furthermore, complicated wiring to intercon- 
nect the robots and the robot controllers, and the 
robot controllers and the system controller for con- 

30 trolling the robots for coordinated cooperative op- 
eration requires much time for designing and in- 
stalling the wiring. 

When the work is changed or modified requir- 
ing changing the robots and the auxiliary equip- 
as ment, the modification of the machining system 
and the robot control system, and teaching new 
motions to the robots require much time. 

Fig. 10 shows a third conventional robot control 
system for controlling two robots Ra and Rb for 

40 cooperative operation to process a work W. The 
robot control system comprises two robot control- 
lers 4 and 5 respectively for controlling the robots 
Ra and Rb. 

The robot controller 4 (5) comprises a memory 
45 8 (7), an instruction compiler 8 (9), a driving unit 10 
(11), and a synchronizing unit 12 (13). The syn- 
chronizing units 12 and 13 of the robot controllers 
4 and 5 are interconnected by an external commu- 
nication cable 14 to control the robots Ra and Rb 
so for synchronous operation. 

Individual control programs for controlling the ro- 
bots Ra and Rb are stored respectively in the 
memories 6 and 7. The control programs must be 
designed to control the robots Ra and Rb for 
predetermined sequential operation so that the ro- 
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bots will not interfere with each other. 

In executing the control programs, contact in- 
puts and outputs are transmitted through the exter- 
nal communication cable 14 between the synchro- 
nizing units 12 and 13. 

Examples of the control programs for control- 
ling the robots Ra and Rb include the following 
instructions. 

Control Program for the Robot Ra: 

MOVE TO Pi 

OUT #1,ON 

WAIT UNTIL #2 = ON 

MOVE TO P 3 

Control Program for the Robot Rb: 
WAIT UNTIL #1 = ON 
MOVE TO P 2 
OUT #2, ON 

According to these instructions, the robot Rb 
starts to operate upon the arrival of the robot Ra at 
a set position Pi, while the robot Ra remains in a 
standby state until the robot Rb arrives at a set 
position P 2 . Upon the arrival of the robot Rb at the 
set position P2, the robot Ra moves to a set 
position P3. A signal indicating the arrival of the 
robot Ra at the set position Pi is transmitted 
through a line 14a of the external communication 
cable 14, and a signal indicating the arrival of the 
robot Rb at the set position P2 is transmitted 
through a line 14b of the external communication 
cable 14. 

Thus, this conventional robot control system 
needs the external communication cable 14 and 
the synchronizing units 12 and 13 for communica- 
tion between the robot controllers 4 and 5 to con- 
trol the robots Ra and Rb for synchronous opera- 
tion. The external communication cable 14 must 
have an increased number of lines for specific 
purposes to transmit increased amount of Informa- 
tion between the robot controllers 4 and 5. Accord- 
ingly, the robot control system is expensive, and 
the modification of the robot control system for 
adaptation to different processes is difficult. 

We will describe a robot control system ca- 
pable of controlling a set of robots for coordinated 
cooperative operation by using a single control 
program. 

We will describe robot control system capable 
of controlling a set of robots for cooperative opera- 
tion by controlling the sequential execution of 
instructions included in unit motion control pro- 
grams prepared respectively for the robots to con- 
trol the robots for the sequential execution of set 
unit motions, and capable of being readily modified 
according to the modification of the controlled sys- 
tem. 

We will describe a robot control system for 
controlling a set of robots for cooperative operation, 



capable of internally transmitting or receiving in- 
formation between the robots without requiring any 
external communication means, capable of readily 
coping with requirement for increasing the transmit- 
5 ting or receiving information capacity and changes 
in the controlled system, and capable of being 
manufactured at a comparatively low cost. 

In one aspect of the present invention, a robot 
control system for controlling a set of robots for 
ro cooperative operation comprises storage means for 
storing a single general control program comprising 
actuating instructions for the set of robots, 
reading/compiling means for reading actuating 
instructions from the multiple unit control program 

75 and separately extracting actuating instructions for 
each robot, and a plurality of executive means for 
driving the corresponding robots according to the 
actuating instructions. 

This robot control system stores a single gen- 

20 eral control program in a single storage means, 
and a single instruction reading/compiling means 
extracts actuating instructions separately from the 
general control program. Accordingly, instructions 
for the required motions of the robots can be easily 

25 described in the general control program taking 
into account the coordinated cooperative motions 
of the robots. 

The description of set positions by a world 
coordinate system facilitates the recognition of the 

30 positions of the robots relative to each other and 
enables the examination of the capability of avoid- 
ing interference between the robots of the general 
control program in organizing the general control 
program. Furthermore, the use of a single control 

35 program for controlling a plurality of robots facili- 
tates recognizing the relation between the motions 
of the robots, finding errors in the control program, 
and correcting the errors. 

In a second aspect of the present invention, a 

40 robot control system for controlling a set of robots 
for cooperative operation comprises a first storage 
means for storing a general control program for 
collectively controlling the sequence of the unit 
motions of the robots, instruction reading/compiling 

45 means for reading the instructions included in the 
general control program from the first storage 
means and providing actuating instruction signals 
according to the sequence of the unit motions of 
the robots, a plurality of second storage means 

so each for storing a unit motion control program 
including detailed unit motion instructions for the 
corresponding robot, a plurality of control means 
for controlling the corresponding robots according 
to the unit motion control programs stored in the 

55 second storage means. 

This robot control system controls the se- 
quence of execution of the unit motions of the 
robots defined by motion instructions included in 
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the unit motion control programs stored in the 
second storage means according to the general 
control program stored in the first storage means. 

Accordingly, robot controllers respectively for 
the robots are comparatively simple and compact 
in construction, and the robot controllers need not 
be provided with any teaching unit. Furthermore, 
when the work is changed for another or the auxil- 
iary equipment is modified, the robot control sys- 
tem can be adapted to the change by changing 
only the host program stored in the first storage 
means. 

In a third aspect of the present invention, a 
robot control system for controlling a set of robots 
for cooperative operation comprises storage means 
for storing actuating instructions for the set of ro- 
bots, instruction reading/compiling means for read- 
ing the actuating instructions from the storage 
means and compiling the same, internal commu- 
nication means for exchanging information repre- 
senting the operating states of the robots between 
the instruction reading/compiling means according 
to instructions read from the storage means by the 
instruction reading/compiling means, and driving 
means for driving the corresponding robots accord- 
ing to the actuating instructions and the information 
representing the operating states of the robots. 

In this robot control system, the storage means 
stores actuating instructions for the robots, the in- 
struction reading/compiling means reads and com- 
piles the actuating instructions for the robots, the 
internal communication means enables the instruc- 
tion reading/compiling means exchange information 
representing the operating states of the robots ac- 
cording to the actuating instructions read from the 
storage means by the instruction reading/compiling 
means, and then the robots are driven according to 
the corresponding actuating instructions and the 
information representing the operating states of the 
robots. 

The internal communication means is the inter- 
task communication function of an operating sys- 
tem when the robot control system has a single 
robot controller for controlling a set of robots. 
When the robot control system has robot control- 
lers respectively for the robots, the internal com- 
munication means is a memory connected to the 
robot controllers as an area for common messages. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description taken in 
conjunction with the accompanying drawings, in 
which: 



Figure 1 is a block diagram of a robot con- 
trol system for controlling a set of robots for coop- 
erative operation, in a first embodiment according 
to the present invention; 
5 Figure 2 is a time chart of assistance in 

explaining an example of the cooperative operation 
of a set of robots under the control of the robot 
control system of Fig, 1; 

Figure 3 is a time chart, similar to Fig. 2, of 
ro assistance in explaining another example of the 
cooperative operation of the set of robots under the 
control of the robot control system of Fig. 1 ; 

Rgure 4 is a block diagram of a robot con- 
trol system for controlling a set of robots for coop- 
75 erative operation, in a second embodiment accord- 
ing to the present invention; 

Rgure 5 is a block diagram of a robot con- 
trol system for controlling a set of robots for coop- 
erative operation, in a third embodiment of the 
20 present invention; 

Rgure 6 is an illustration of assistance in 
explaining an example of a control program to be 
executed by the robot control system of Fig. 5; 

Rgure 7 is a block diagram of a conventional 
25 robot control system for controlling a set of robots 
for cooperative operation; 

Rgure 8 is a time chart of assistance in 
explaining an example of the cooperative operation 
of the set of robots under the control of the robot 
30 control system of Fig. 7; 

Rgure 9 is an illustration of another conven- 
tional robot control system; and 

Rgure 10 is a block diagram of a third 
conventional robot control system. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

Rrst Embodiment (Rgs. 1, 2 and 3) 
Referring to Rg. 1, a robot control system 1 in 
a first embodiment according to the present inven- 
tion controls four robots Ra, Rb, Rc and Rd for 

45 cooperative operation. The robot control system 1 
comprises a memory 2, an instruction 
reading/compiling unit 3, driving signal generating 
units 4a, 4b, 4c and 4d respectively for the robots 
Ra, Rb, Rc and Rd, and driving units 5a, 5b, 5c 

so and 5d respectively for driving the robots Ra, Rb, 
Rc and Rd. 

A general control program including actuating 
instructions for the four robots Ra, Rb, Rc and Rd 
is stored in the memory 2. Examples of the instruc- 
55 tions described in the general control program are: 
MOVE Ra TO P, 
MOVE Rb TO P 2 
MOVE Rc TO P 3 
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MOVE Rd TO P* 

The instruction "MOVE Ra TO Pi for exam- 
ple, signifies moving the effector of the robot Ra to 
a position Pi designated by a world coordinate 
system. 

The reading/compiling unit 3 reads the general 
control program and extracts actuating instructions 
for each robot separately; that is, the 
reading/compiling unit 3 extracts a robot identifier 
and the contents of motions for each robot, and 
then gives the contents of motions to the cor- 
responding robot. The position designated in the 
actuating instruction by the world coordinate sys- 
tem is converted into a position designated by a 
coordinate system peculiar to each robot. 

Basically, the driving signal generating units 
4a, 4b, 4c and 4d are the same in constitution and 
function as those employed in the conventional 
robot control system. The driving signal generating 
units 4a, 4b, 4c and 4d give driving signals in 
accordance with the actuating instructions given 
thereto. 

The driving units 5a, 5b, 5c and 5d are the 
same in constitution and function as those em- 
ployed in the conventional robot control system. 

Referring to Fig. 2, when the general control 
program is executed, the robots Ra, Rb, Rc and Rd 
move sequentially to positions Pi, P2, Ps and P* 
respectively. When an instruction: 
CO-MOVE Ra TO Pi 
Rb TO P 2 
Rc TO P3 
MOVE Rc TO P 4 

signifying simultaneously moving the robots Ra, Rb 
and Rc respectively to positions Pi, P2 and P3 
designated by the world coordinate system and, 
subsequently, moving the robot Rd to a position P* 
designated by the world coordinate system, is ex- 
ecuted, the robots Ra, Rb and Rc move simulta- 
neously to the positions Pi. P2 and Pa respec- 
tively, and then the robot Rd moves to the position 
P* as shown in Fig. 3. 

Thus, the robot control system 1 controls the 
four robots Ra, Rb, Rc and Rd by executing the 
single general control program without requiring 
any communication instruction. Since the positions 
are designated by the world coordinate system, the 
general control program can be easily organized 
taking into account the cooperative operations of 
the four robots Ra, Rb, Rc and Rd. 

Furthermore, having the single memory 2 and 
the single reading/compiling unit 3, and needs no 
communication line, the robot control system 1 is 
simple in constitution. 

Still further, since relation between the respec- 
tive actions of all the robots can be understood 
from the single general control program, errors in 
the general control program can be easily found 



and corrected. 

In a modification, the general control program 
may designate positions by coordinate systems 
peculiar to the robots Ra, Rb, Rc and Rd respec- 
5 tively. 



Second Embodiment (Fig. 4) 

10 A robot control system 10 in a second embodi- 
ment according to the present invention shown in 
Fig. 4 controls, for example, four robots Ra, Rb, Rc 
and Rd. The robot control system 10 comprises a 
first memory 11, a reading/compiling unit 12, sec- 

75 ond memories 14a, 14b, 14c, 14d and 14e respec- 
tively for the four robots Ra, Rb, Rc and Rd and 
external devices 13 including a conveyor and posi- 
tioning devices, controllers 15a, 15b, 15c, 15d and 
15e respectively for the robots Ra, Rb, Rc and Rd 

20 and the external devices, and a monitor 16. 

The first memory 11 stores a series of user 
programs for the general control of execution se- 
quence of unit motions of the four robots Ra, Rb, 
Rc and Rd and the external devices 13. The user 

25 programs are given to the first memory 11 by a 
single program input device 17. The user programs 
include instructions of a basic composition asso- 
ciated with a series of host working systems, and 
the instructions are identified by identifiers cor- 

30 responding to the robots Ra, Rb, Rc and Rd and 
the external devices. 

The reading/compiling unit 12 reads the user 
programs from the first memory 1 1 and gives ac- 
tuating instructions to the controllers 15a. 15b. 15c, 

35 I5d and 15e according to the predetermined se- 
quence of execution. The user programs are iden- 
tified by the identifiers and given to the controllers 
15a, 15b, 15c, I5d and 15e in an appropriate 
sequence. 

40 The second memories 14a, 14b, 14c, 14d and 
14e store unit motion programs respectively for the 
robots Ra, Rb, Rc and Rd and the external devices 
13. Each unit motion program includes instructions 
designating basic unit motions of the the corre- 

45 sponding robot, such as linearly moving the effec- 
tor of the corresponding robot to a set position. 
Accordingly, the unit motion program need not be 
changed even if the work is changed or the exter- 
nal devices 13 are modified or changed, except 

50 when the corresponding robot is changed for an- 
other. When such changes are made, only the user 
program relating to a series of working systems 
stored in the first memory 1 1 needs to be changed. 
The controllers 15a, 15b, 15c, 15d and 15e 

55 respectively for controlling the robots Ra, Rb, Rc 
and Rd and the external devices 13 give driving 
signals to the corresponding robots Ra, Rb, Rc and 
Rd and the external devices 13 according to output 
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instruction signals given thereto by the 
reading/compiling unit 12 and the unit motion pro- 
grams stored in the second memories 14a, 14b, 
14c, 14d and 14e. Each controller executes control 
operation in accordance with the contents of the 
instruction given thereto and, upon the completion 
of the control operation, gives an operation comple- 
tion signal to the reading/compiling unit 12. Thus, 
only a motion instruction signal and an operation 
completion signal are exchanged for every execu- 
tion of a motion between the reading/compiling unit 

12 and each controller. Upon the reception of the 
operation completion signal, the reading/compiling 
unit 12 reads the next instructions from the user 
programs according to the sequence of execution 
and gives instruction signals to the controllers 15a, 
15b. 15c, 15dand 15e. 

The monitor 16 monitors the operation of the 
robots Ra, Rb, Rc and Rd and the external devices 

13 so that the robots Ra, Rb, Rc and Rd and the 
external devices 13 will operate for cooperative 
operation without interfering each other. A memory 
included in the monitor 16 is allocated for the 
robots Ra, Rb, Rc and Rd and the external devices 
13 to store data signifying the operating states of 
the robots Ra, Rb, Rc and Rd and the external 
devices 13. The reading/compiling unit 12 gives 
actuation instruction signals to the controllers 15a, 
15b, 15c , 15d and 15e according to the user 
programs always referring to the contents of the 
memory of the monitor 16. Consequently, interloc- 
ked operation of the robots Ra, Rb, Rc and Rd, and 
conditional branching can be very easily controlled. 

Thus, the robot control system 1 0 controls and 
drives the robots Ra, Rb, Rc and Rd and the 
external devices 13 by the reading/compiling unit 
12 for sequential operation on the basis of the host 
user programs stored in the first memory 1 1 . Since 
the reading/compiling unit 12 actuating instruction 
signals to the controllers 15a, 15b, 15c, 15d and 
15e always referring to the contents of the monitor 
16, the robots Ra, Rb, Rc and Rd and the external 
devices 13 are able to operate for cooperative 
operation without interfering each other. 

The unit motion programs stored in the second 
memories 14a, 14b, 14c, I4d and I4e are simple 
in composition, because they need not be changed 
even if the work and/or the auxiliary devices are 
changed. Since the controllers 15a, 15b, 15c, 15d 
and I5e need not be provided with any teaching 
unit, the robot control system 10 is simple in con- 
struction. Furthermore, the working system can be 
comparatively simply changed, because only the 
user programs stored in the first memories 11 
needs to be changed when the work and/or the 
auxiliary devices are changed. 

The reading/compiling unit 12 and the control- 
lers 15a, 15b, 15c, 15d and 15e may be separate 



microprocessors respectively or may be substi- 
tuted by a single multiple-function microprocessor. 

If the robots Ra, Rb, Rc and Rd are the same 
or analogous types, it is possible to routinize a 
5 portion of the user programs stored in the first 
memory 11 to use the routinized portion in com- 
mon for all the robots. 



io Third Embodiment (Figs. 5 and 6) 

A robot control system 100 in a third embodi- 
ment according to the present invention shown in 
Fig. 5 executes control programs for two robots in 

1$ accordance with an operating system to control the 
two robots Ra and Rb for coordinated cooperative 
operation in a multiple-activity process. This op- 
erating system functions as communication means 
for exchanging messages, namely, information re- 

20 presenting the operating states of the robots be- 
tween the robot control processes. 

Referring to Fig. 5, the robot control system 
100 comprises two separate robot controllers 116 
and 117 respectively for controlling the two robots 

25 Ra and Rb, an internal communication unit 122, 
and two driving units 122 and 123 respectively for 
driving the robots Ra and Rb. The robot controller 
116 (117) comprises a memory 118 (119) for stor- 
ing a first user program (a second user program) 

30 for the robot Ra (Rb), and a reading/compiling unit 
120 (121) including a CPU. 

The read/compiling units 120 and 121 read 
motion instructions from the memories 118 and 
119 and compile the motion instructions. The CPUs 

35 of the reading/compiling units 120 and 121 are 
interconnected by a common bus. Information re- 
presenting the operating states of the robots Ra 
and Rb is exchanged through the internal commu- 
nication unit 122 between the reading/compiling 

40 units 120 and 121 according to the contents of 
instructions read from the memories 118 and 119 
by the reading/compiling units 120 and 121. The 
internal communication unit 122 has a common 
memory accessible to the reading/compiling units 

45 120 and 121 as a message area particularly for 
communication. If the control processes for the 
robots Ra and Rb are processed by a common 
reading/compiling unit, it is possible to substitute 
the memory of the internal communication unit 1 22 

so by a program for operating the intertask commu- 
nication function of the operating system. 

Basically, the driving units 123 and 124 are the 
same in function as servo drivers employed in the 
conventional robot control system. The driving 

55 units 123 and 124 drives the corresponding robots 
Ra and Rb in accordance with the motion instruc- 
tions and the information indicating the operating 
states of the robots Ra and Rb. 
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Fig. 2 shows an example of the control pro- 
gram to be executed by the robot control system 
100 to control the robots Ra and Rb for coordi- 
nated cooperative operation. In Fig. 2, Proc 1, Proc 
2, PRG1 and PRG2 denote a control process for 
controlling the robot Ra, a control process for con- 
trolling the robot Rb, a user program for the robot 
Ra, and a user program for the robot Rb, respec- 
tively. The control processes Proc 1 and Proc 2 are 
executed in accordance with the contents of the 
messages. Every other control process is able to 
transmit the messages. 

When the user program PRQI is executed to 
move the robot Ra to a set position Pi and a 
message "STOP" to stop the robot Rb is transmit- 
ted to the control process Proc 1, the control 
process 1 transmits the message "STOP" to the 
control process Proc 2 to stop the robot Rb. The 
message "STOP" may be transmitted directly from 
the user program PRG1 to the control process 
Proc 2 as indicated by a broken line. 

Thus, the robot control system 100 enables 
internally exchanging information between the ro- 
bots without requiring any external communication 
means. 

Although the invention has been described in 
its preferred forms with a certain degree of particu- 
larity, obviously many changes and variations are 
possible therein. It is therefore to be understood 
that the present invention may be practiced other- 
wise than as specifically described herein without 
departing from the scope and spirit thereof. 



Claims 

1. A robot control system forcontroliing a set of 
industrial robots for cooperative operation, compris- 
ing: 

a storage means storing a general program com- 
prising actuating instructions for actuating the set 
of industrial robots; 

a reading/compiling means for reading the actuat- 
ing instructions and separately extracting the ac- 
tuating instructions for each industrial robot; and 
a plurality of executive means respectively for driv- 
ing the industrial robots according to the actuating 
instructions. 

2. A robot control system for controlling a set 
of industrial robots for cooperative operation, com- 
prising: 

a first storage means storing a series of general 
control programs for generally controlling the se- 
quence of execution of motions of the industrial 
robots; 

a reading/compiling means reading the series of 
general control programs and providing actuating 
instructions designating the sequence of operations 



of each industrial robot; 

a plurality of second storage means respectively 
storing motion control programs to be executed by 
the industrial robots; and 

5 a plurality of executive means respectively for driv- 
ing the industrial robots according to the actuating 
instructions provided by the reading/compiling 
means and motion control programs stored in the 
second storage means. 

jo 3. A robot control system for controlling a set 
of industrial robots for cooperative operation, com- 
prising: 

a plurality of storage means respectively for storing 
control programs for controlling the operation of the 
75 set of industrial robots; 

a plurality of reading/compiling means for reading 
actuating instructions from the corresponding stor- 
age means and compiling the actuating instruc- 
tions; 

20 an internal communication means through which 
the reading/compiling means exchange information 
indicating the operating states of the industrial ro- 
bots; and 

a plurality of driving means for driving the cor- 
25 responding industrial robots in accordance with the 
actuating instructions and the information indicating 
the operating states of the industrial robots. 
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FIG. 2 
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FIG. 6 
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FIG. 10 
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